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ABSTRACT. - The smoothhound shark. Mustelus mustelus (Linnaeus, 1758), is commonly landed at fishing sites along 
the Senegalese coast (eastern tropical Atlantic). Adult males and females are captured mainly in spring and summer. The 
smallest male adult was 82 cm TL and weighed 1.85 kg. Males were all adults by 95 cm TL. The smallest female adult was 
90 cm TL and weighed 3 kg. Females were all adults by 104 cm. The largest male and the largest female were 139 cm and 
150 cm TL. and weighed 11 kg and 8.1 kg. However, the heaviest female weighed 13.85 kg and was 145 cm TL. There was 
no significant relationship between total mass and TL between males and females. Mating probably occurred in spring and 
early summer, as did parturition. Gestation lasted approximately one year. Females had an annual reproductive cycle, 
although some females reproduce in alternate years. Diameters of the largest yolky oocytes ranged from 20 to 23 mm 
(mean 20.7 ± 3.4) and their masses from 3.6 to 4.9 g (mean: 4.2 ± 0.3). Both uteri were compartmentalized into chambers 
during part of the pregnancy, with a single embryo in each chamber. Size and mass at birth, based on term embryos and 
neonates ranged from 36 to 45 cm TL (mean: 40.31 ± 1.72) and from 150 to 256 g (mean: 199.9 ±20.7). In order to show 
the role of mother during embryonic development, a chemical balance of development was calculated, it was based on 
mean dry masses of the largest yolky oocytes and term embryos was 24. Ovarian fecundity is slightly higher than uterine 
fecundity. Litter sizes ranged from four to 21 (mean: 9.2 ± 3.9), and there was a slight positive relation between litter size 
and total length of females. In free-swimming specimens, only sub-adult females significantly outnumbered the male ones. 


RESUME. - Biologie de la reproduction de l'emissole lisse, Mustelus mustelus (Chondrichthyes: Carcharhinidae) de la 
cote du Senegal (Atlantique oriental tropical). 

L’emissole lisse. Mustelus mustelus (Linnaeus, 1758) est une espece de requin abondamment debarquee sur les sites de 
peche situes au long de la cote senegalaise (Atlantique oriental tropical). Des males et femelles adultes sont generalement 
captures au printemps et en ete. Le plus petit male adulte mesurait 82 cm de longueur totale (LT) et pesait 1,85 kg. Au-des- 
sus de 95 cm LT, tous les males observes etaient adultes. La plus petite femelle adulte mesurait 90 cm de longueur totale 
(LT) et pesait 3 kg. Au-dessus de 104 cm LT, toutes les femelles observees etaient adultes. Les plus grands adultes male et 
femelle mesuraient respectivement 139 cm et 150 cm LT et pesaient respectivement 11 kg et 8,1 kg. Toutefois, la plus lour- 
de femelle pesait 13,85 kg et mesurait 145 cm LT. II n’y a pas de relation significative taille-masse entre males et femelles. 
L'accouplement et la parturition ont lieu au printemps et au debut de Fete. La gestation dure approximativement une annee. 
Les femelles ont un cycle de reproduction annuel, bien que certaines femelles se reproduisent une annee sur deux. Les dia- 
metres des plus grands ovocytes riches en vitellus sont compris entre 20 et 23 mm (moyenne : 20,7 ± 3,4) et leurs masses 
entre 3,6 et 4,9 g (moyenne : 4,2 ± 0,3). Les deux uterus sont compartimentes en chambre et dans chacune d'elles un 
unique embryon se developpe. La taille et la masse a la naissance, fondees sur les embryons a terme se situent entre 36 et 
45 cm (moyenne : 40,31 ± 1,72) et de 150 a 256 g. Dans le but de mettre en evidence le role de la mere pendant le develop- 
pement embryonnaire, une balance chimique de developpement a ete calculee ; elle est fondee sur les masses seches 
moyennes des plus grands ovocytes et des embryons a terme et egale a 24. La fecondite ovarienne est sensiblement supe- 
rieure a la fecondite uterine. Les portees varient de quatre a vingt et un (moyenne : 9.2 ± 3,9); parmi les individus fibres, il 
y a une faible correlation positive entre le nombre d’individus par portees et la longueur totale des femelles. Parmi les indi- 
vidus fibres, seul les femelles subadultes sont significativement plus nombreuses que les males. 
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Off the coast of Senegal, shark species are the focus of an 
intensive fishery, both commercial and artisanal, for human 
consumption. The flesh is dried and, under the vernacular 
name of “sali”, is used locally or exported to other African 
countries. Fins of larger specimens are collected and prepared 
as “laaf\ exported to Asian markets (Gueye-Ndiaye, 1993). 


Landings of shark species in fishing sites located along 
the Senegalese shore offered us the opportunity to collect 
data and to describe some aspects of reproductive biology of 
those most frequently caught in the area, such as the dusky 
shark, Carcharhinus limbatus (Capape et al ., 2004), the 
Atlantic weasel shark, Paragcileus pectoralis (Capape et al ., 
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2005) and the milk shark, Rhizoprionodon acutus (Capape, 
unpublish, data). In this paper, we complete our studies of 
local shark species, detailing size at sexual maturity, size at 
birth, relationship between mass and size, fecundity and sex- 
ratio of the smoothhound, Mustelus mustelus. Comparisons 
are made with previous information obtained from this 
species from other areas, especially off Tunisia (Capape, 
1974) and South Africa (Smale and Compagno, 1997). 

MATERIAL AND METHODS 

A total of 272 specimens, 97 males and 175 females were 
examined; the monthly collection is presented in table I. In 
addition, 78 developing embryos and 221 term embryos 
were examined. 

The specimens were caught by demersal gill-nets off the 
Senegalese coast from 1993 to 2004, at depths between 20 
and 100 m, generally on sandy bottoms, occasionally on 
muddy or detritic bottoms (Fig. 1). In the same areas, 
Mustelus mustelus is caught together with the milk shark, 
Rhizoprionodon acutus , the Atlantic weasel shark, Para - 
galeus pectoralis and, a bit less, the dusky shark, Carcharhi- 
nus limbatus , (Fig. 1). Total length (TL) was measured to the 
nearest millimetre following Bass et al. (1975) and weight to 
the nearest gram. Clasper length (CL, mm) was measured 
according to Collenot (1969), from the forward rim of the 
pelvic girdle to the tip of the clasper. Developing and yolky 
oocytes and embryos were removed from the ovaries and 
uteri, respectively, sorted and then measured to the nearest 
mm and weighed to the nearest dg. 

The onset of sexual maturity was determined in males 
from the condition and the length of claspers following Bass 
et al. (1975), Stevens and McLoughlin (1991) and Watson 
and Smale (1998). 

The claspers of juveniles are shorter than pelvic fin 
length, flexible and not calcified, those of sub-adults are 
larger than pelvic tin length, flexible but slightly calcified. In 
adults, claspers are elongated, longer than pelvic fins length, 
rigid and calcified. Some aspects of the testes and other 

Table I. - Monthly collection of Mus¬ 
telus mustelus observed in the sample. 

IRecolte mensuelle de Mustelus mus¬ 
telus obsen ee dans Vechantillon.] 



Figure 1. - Map of Senegal showing the landing sites and captures 
sites (black stars) of Mustelus mustelus (redrawn from Kebe and Le 
Reste, 1993). Depth contours in metres. /Carte du Senegal mon- 
trant les sites de debarquement et les sites de captures (etoiles 
noires) de Mustelus mustelus (redessine d'apres Kebe et Le Reste , 
1993). Contour desprofondeurs en metres./ 

reproductive organs are described following Capape et al. 
(1990, 2002) and Bridge et al. (1998). Size at sexual maturi¬ 
ty was determined in females from the condition of ovaries 
and the morphology and the degree of development of the 
reproductive tract (Capape et al ., 1990). In both males and 
females, specimens were divided in three categories: juve¬ 
niles, sub-adults and adults. 


Category 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Total 

Males 














Juveniles 

— 

1 

3 

- 

- 

— 

— 

— 

- 

1 

— 

1 

6 

Sub-adults 

— 

4 

3 

1 

— 

2 

- 

— 

— 

— 

2 

— 

12 

Adult 

6 

3 

1 

14 

14 

12 

7 

6 

4 

3 

4 

5 

79 

Total 

6 

8 

7 

15 

14 

14 

7 

6 

4 

4 

6 

6 

97 

Females 














Juveniles 

3 

— 

1 

1 

2 

1 

— 

- 

— 

1 

3 

3 

15 

Sub-adults 

6 

3 

2 

1 

9 

10 

1 

— 

3 

2 

4 

3 

44 

Adults 

4 

7 

5 

21 

31 

23 

16 

5 

2 



2 

116 

Total 

13 

10 

8 

23 

42 

34 

17 

5 

5 

3 

7 

8 

175 

Grand total 

19 

18 

15 

38 

56 

48 

24 

11 

9 

7 

13 

14 

272 


274 
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To investigate the embryonic development and the role 
of the mother during gestation, a chemical balance of devel¬ 
opment (CBD) was considered. CBD is the mean dry mass 
of fully developed embryos divided by the mean dry mass of 
yolky oocytes or eggs. Water content of 50% in ripe oocytes 
and 75% in fully developed embryos was assumed, based on 
chemical analyses of the small spotted catshark, Scyliorhi- 
nus canicula , by Mellinger and Wrisez (1989). CBD is a ten¬ 
tative estimate. 

Tests for significance (p < 0.05) were performed by using 
ANOVA, Student Mest and the chi-square test. The linear 
regression was expressed in decimal logarithmic coordi¬ 
nates. Correlations were assessed by least-squares regres¬ 
sion. In the relationship mass versus total length, compar¬ 
isons of curves were carried out by ANCOVA. 

RESULTS 
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Figure 2. - Clasper length (CL) vs total length (TL) in male 
Mustelus mustelus. /Relation entre la longueur des claspers (CL) et 
la longueur totale (TL) chez les males de Mustelus mustelus./ 


Size at sexual maturity 

Males 

During the juvenile stage, the claspers were short and 
flexible, both testes and genital ducts were slightly developed 
and membranous. Six juveniles were examined ranging in 
size between 39 and 66 cm TL and weighing between 195 
and 660 g, including three neonates presenting an unhealed 
scar on their ventral surface, caught in March (Tab. I). 

Twelve sub-adults were recorded, the smallest specimen 
was 70 cm TL and weighed 970 g, the largest 87 cm TL and 
weighed 2.2 kg. In sub-adults, the testes were developed, but 
no spermatocysts were externally visible and no sperm 
occurred in the seminal vesicles. The genital ducts were con¬ 
spicuously visible and the ductus deferens (sensu Hamlett et 
al., 1999; Callard et al ., 2005) was slightly convoluted. Dur¬ 
ing this stage, their length rapidly increased concomitant 
with maturity (Fig. 2). Sub-adults were generally caught 
from February to April (Tab. I). 

Seventy-nine adults were collected. The smallest speci¬ 
men was 82 cm TL and weighed 1.85 kg, the largest 139 cm 
and weighed 11 kg. Males were all adult by 89 cm TL. The 


claspers were rigid, calcified and elongated. Spermatocysts 
were externally visible and the seminal vesicles contained 
sperm throughout the year. The ductus deferens was obvi¬ 
ously convoluted. Adults were mostly landed from April to 
August (Tab. I). 

Females 

During the juvenile stage the females, ranging between 
39 and 84 cm TL and weighing between 201 g and 16.4 kg, 
had membranous ovaries, membrane-like oviducts, and 
inconspicuous oviducal glands. Of the 15 juveniles collect¬ 
ed, two were neonates measuring 390 and 420 mm TL, the 



uary, November and December (Tab. I). 

Forty-four sub-adult females were collected, mostly 
from May to June (Tab. I). The smallest specimen was 80 cm 
TL and weighed 1.63 kg, the largest specimen was 104 cm 
TL and weighed 4.15 kg. Sub-adult females presented 
ovaries with translucent oocytes, well-differentiated genital 
ducts and slightly rounded oviductal glands. 

One hundred and sixteen adult females were collected 


Category of adult females 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Total 

Pregnant 




8 

8 

10 

9 






39 

Carrying encapsulated eggs 

- 

2 

2 



— 

• 


Carrying developing embryos 


3 

2 

4 

2 



3 

1 

• 

•■ 

2 

17 

Carrying term embryos 

- 

- 

1 

— 

12 

7 

4 

- 

• 

— 

* 

• 

24 

Total 

- 

5 

5 

12 

22 

17 

13 

3 

1 

- 

- 

2 

80 

Non-pregnant 




4 

4 

3 


1 





12 

Post-partum 

- 

— 

- 



“ 


* 

With vitellogenic activity 

2 

1 

- 

3 

2 

1 

2 

1 


• 

— 

• 

12 

Inactive 

2 

1 

— 

2 

3 

2 

1 

- 

1 

— 

- 

— 

12 

Total 

4 

2 

- 

9 

9 

6 

3 

2 

1 

— 

- 

- 

36 

Grand total 

4 

7 

5 

21 

31 

23 

16 

5 

2 

- 

- 

2 

116 


Table II. - Monthly collec¬ 
tion of adult females Mus¬ 
telus mustelus observed in 
the sample. / Recolte men- 
suelle de femelles adultes 
de Mustelus mustelus ab¬ 
sentees dans Techantil- 
lon.] 
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mainly between April and July. The smallest adult was 
90 cm TL and weighed 3 kg, females were all adult by 
104 cm TL. The largest specimen was 150 cm TL and wei¬ 
ghed 8.1 kg, however the heaviest specimen weighed 13.85 
kg and was 145 cm TL, both were pregnant females carrying 
term embryos. 

Reproductive cycle 

The smoothhound is a placental viviparous elasmo- 
branch as are many other triakid species. Juvenile females 
had two ovaries that were membranous, slender and of simi¬ 
lar size and mass. As the females grew, the left ovary devel¬ 
oped and became functional in adults, the right ovary 
became rudimentary or was absent. However, in some 
females both ovaries were functional and developed 
oocytes. Both uteri were functional in all adult females we 
have examined. 

Two categories of mature females were distinguished, 
pregnant and non-pregnant (Tab. II). Of the 80 pregnant 
females sampled, 39 carried encapsulated eggs, 17 had 
developing embryos and 24 had term embryos. The 41 


females carrying embryos showed vitellogenic activity. 
Their ovary produced cohorts of oocytes similar in diameter 
and in mass. As embryos grew in both uteri, a cohort of 
oocytes enlarged and produced yolk in the ovary. So, soon 
after parturition, the females will mate and conceive again. 
Forty-two yolky oocytes were measured; their diameter 
ranged between 20 and 23 mm (mean: 20.7 ± 3.4) and their 
mass between 3.6 and 4.9 g (mean: 4.2 ± 0.3). All the 
oocytes found in pregnant females with developing embryos 
were less than 16 mm diameter. A single near-term female 
was caught in March (Tab. II; Tab. Ill, record 9), 12 other 
specimens were caught in May, seven in June and four in 
July (Tab. II, IV). 

Females carrying encapsulated eggs were caught from 
February to July, mainly between April and July. Fertilized 
eggs were enveloped in a diaphanous and brownish capsule 
ending with a large twisted filament at both ends. Twenty- 
two encapsulated eggs were removed from females at the 
beginning of gestation. Capsules and fertilized eggs were 
measured and weighed separately (Tab. V). Fertilized eggs 
were slightly heavier than yolky oocytes, due to the fact that 


Table III. - Reproductive cycle of female Mustelus mustelus. Condition of ovary and uteri during gestation. /Cycle de reproduction des 
femelles de Mustelus mustelus. Etat de Vovaire et des uterus pendant la gestation ./ 


Record 

number 

Month 
of catch 

Size of 
female 
(TL, cm) 

Mass of 
female 
(kg) 

Ovarian 

activity 

Oocyte 

diameter 

(mm) 

Oocyte 

number 

Uterine 

content 

Embryo 

size 

(TL, mm) 

Embryo 
mass (g) 

Embryo or 
egg number 
(left + right) 

Male (M) + 
female (F) 
embryos 

1 

Feb. 

113 

5.50 

- 

- 

— 

Eggs 

- 

- 

3+4 

- 

2 

Feb. 

112 

4.90 

Vitellogenesis 

15-16 

6 

Embryos 

200-201 

40-45 

2+2 

2M +2F 

3 

Feb. 

115 

5.70 

Vitellogenesis 

13-15 

8 

Embryos 

210-225 

41-46 

2+2 

1M + 2F 

4 

Feb. 

126 

9.70 

Vitellogenesis 

15-16 

10 

Embryos 

190-210 

41 -45 

4+6 

4M +6F 

5 

Mar. 

92 

3.00 

- 

- 

— 

Eggs 

— 


3+1 

— 

6 

Mar. 

127 

8.90 

- 

- 

— 

Eggs 

— 

- 

6+8 

- 

7 

Mar. 

109 

5.30 

Vitellogenesis 

14-16 

6 

Embryos 

279-292 

60-65 

2+2 

2M + 2F 

8 

Mar. 

127 

8.90 

Vitellogenesis 

13-15 

14 

Embryos 

300-340 

73-89 

7+6 

6M + 7F 

9 

Mar. 

131 

10.(X) 

Vitellogenesis 

21-22 

16 

Term embryos 

375-410 

160-230 

7+7 

7M + 7F 

10 

Apr. 

130 

8.70 

Vitellogenesis 

14-15 

14 

Embryos 

302-310 

66-74 

6+7 

6M + 7F 

11 

Apr. 

131 

10.00 

Vitellogenesis 

14-15 

14 

Embryos 

345-355 

106-130 

5+4 

3M + 6F 

12 

Apr. 

135 

10.80 

Vitellogenesis 

13-14 

12 

Embryos 

330-350 

99-112 

4+8 

7M + 5F 

13 

Apr. 

142 

11.50 

Vitellogenesis 

14-16 

16 

Embryos 

310-350 

96-110 

4+7 

7M+4F 

14 

May 

147 

7.25 

- 

- 

— 

Eggs 

— 

— 

12+12 

- 

15 


126 

8.20 

Vitellogenesis 

15-16 

14 

Embryos 

350-375 

114-122 

4+4 

2M + 6F 

16 

May 

127 

8.79 

Vitellogenesis 

15-16 

16 

Embryos 

305-330 

90-100 

7+7 

6M + 8F 

17 

May 

134 

9.10 

Vitellogenesis 

21-22 

16 

Term embryos 

380-440 

163-245 

6+6 

5M + 6F 

18 

Jun. 

139 

9.85 

Vitellogenesis 

21-23 

18 

Term embryos 

376-440 

164-235 

7+7 

7M + 7F 

19 

Jul. 

138 

9.70 

— 

— 

- 

- 

— 

— 

6+8 

— 

20 

Jul. 

135 

9.10 

Vitellogenesis 

21-22 

14 

Term embryos 

366-400 

155-196 

6+6 

3M + 9F 

21 

Aug. 

124 

9.00 

Vitellogenesis 

12 

10 

Embryos 

100-115 

8.4-10.8 

5+5 

5M + 5F 

22 

Aug. 

135 

8.90 

Vitellogenesis 

11 -dec 

12 

Embryos 

112-123 

9.2-10.6 

5+5 

4M + 6F 

23 

Aug. 

139 

10.00 

Vitellogenesis 

11 -dec 

10 

Embryos 

108-122 

9.2-12.1 

5+5 

5M + 5F 

24 

Sep. 

145 

13.85 

Vitellogenesis 

dec-13 

12 

Embryos 

115-126 

9.1-13.6 

6+6 

6M + 6F 

25 

Dec. 

114 

5.25 

Vitellogenesis 

13-14 

10 

Embryos 

175-192 

23-29 

3+3 

3M + 3F 

26 

Dec. 

126 

10.00 

Vitellogenesis 

14 

12 

Embryos 

170-185 

25-29 

6+6 

6M + 6F 
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Table IV. - Near-term female Mustelus mustelus observed in the sample with measurements carried out in embryos. / Femelles a terme de 
Mustelus mustelus observees dans Vechantillon avec mensurations realisees chez les embryons.] 



Females 

Embryos 

TL (cm) 

TM (kg) 

TL (mm) 

TM (g) 

In left 
uterus | 

In right 
uterus 

Male 

Female 

Month 

n 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

n 

n 

n 

n 

Mar. 

1 

131 

— 

- 

10.0 

— 

— 

375-425 

396 

12.6 

160-230 

193.6 

18.9 

7 

7 

7 

7 

Apr. 

- 

— 

- 

- 

— 

— 

— 

- 

- 

— 

- 

- 


- 


- 

— 


12 

104-134 

117.7 

9.0 

4.50-9.10 

6.154 

1.358 

380-440 

406 

15.9 

164-245 

205.8 

20.1 

40 

42 

39 

43 

Jun. 

7 

113-139 

129.1 

10.3 

5.00-10.00 

7.961 

2.101 

360-450 

404 

19.3 

165-256 

198.1 

21.2 

42 

41 

40 

43 

Jul. 

4 

124-135 

129.2 

5.1 

8.00-10.00 

9.025 

0.818 

366-425 

395 

13.9 

155-230 

193.9 

18.8 

22 

20 

16 

26 

Total 

24 

104-139 

123.5 

10.2 

4.50-10.00 

7.320 

1.942 

360-450 

403 

17.2 

155-256 

199.9 

20.7 

111 

110 

102 

119 


Table V. - Measurements carried out on encapsulated eggs removed from adult 
female Mustelus mustelus. [Mensurations realisees surdes aeufs encapsules retires 
chez des femelles adultes de Mustelus mustelus./ 


Measurements 


Total length (mm) 

Width (mm) 

Mass (g) 


n 

Range 

Mean 

SD 

Range 

Mean 

SD 

Range 

Mean 

SD 

Capsule 

22 

335-375 

356.1 

12.5 

- 

- 

- 

3.7-4.9 

4.2 

0.4 

Fertilized egg 

22 

3.1-4.3 

3.6 

0.4 

2.0-2.4 

2.1 

0.1 

3.6-5.8 

4.9 

0.7 


they were surrounded by a clear jelly-like fluid probably 
extruded by oviductal glands (Hamlett et al ., 2005a). How¬ 
ever, the masses of oocytes and egg capsules were not sig¬ 
nificantly different. 

Non-pregnant adult females were subdivided into three 
categories of specimens: post-partum, with vitellogenic 
activity and in complete break phase (Tab. II). Post-partum 
females exhibited a conspicuous vitellogenic activity and 
distended uteri showed placental attachment sites. By con¬ 
trast, the second category of adult females comprised non¬ 
virgin specimens exhibiting active vitellogenesis with 
oocytes between 15 and 21-23 mm in diameter, the largest 
ones were yolky oocytes ready to be ovulated. The third cat¬ 
egory comprised non-virgin adult females with developed 
genital duct; however, the ovary showed no sign of vitel¬ 
logenic activity and the uteri were empty, without placental 
attachment sites, they were considered in complete resting 
phase. They were generally large specimens between 112 
and 150 cm TL and weighing between 4.5 and 8.1 kg. 

In table III, we have included all females carrying devel¬ 
oping embryos. Concerning near-term females and females 
carrying encapsulated eggs, we have only included for these 
two categories of adult females the largest specimens 
observed monthly. 

Table II reveals that most females carrying encapsulated 
eggs, post-partum females and near-term females occurred 
between April and July; this suggests that gestation period 
was between 9-15 months, probably one year was the most 
appropriate duration. Records 14, 21 to 24, 25, 26, 2 to 4, 7, 
8, 10 to 13, 15, 16, 17 showed a regular increase in size and 
mass in embryos, and confirmed a gestation period not 


exceeding one year approximately, as a suit¬ 
able hypothesis. 

Seventy-seven developing embryos were 
counted in left uterus versus 85 in right uterus 
(Tab. Ill), the counts were practically the same 
for term embryos (Tab. IV). 

Forty-two embryos were observed, ranging 
in size between 100 and 126 mm TL (mean: 
115 ± 6.8) and weighing between 8.4 and 
13.6 g; they were recorded in four females, three caught in 
August (Tab. Ill, records 21,22 and 23) and one in Septem¬ 
ber (Tab. Ill, record 24). Both uteri were folded especially at 
their distal end but not yet compartmented, the embryos 
were non-pigmented. free in uteri. The umbilical cord was 
unadorned and smooth, and it was between 115 and 130 mm 
total length (mean: 121.4 ± 3.9). The yolk sac was slightly 
vascularized and contained a large quantity of yolk; it 
weighed (yolk included) between 6.5 and 7.9 g (mean: 7.3 ± 
0.6). The embryos did not adhere to uterine wall and were 
partially dependent on their yolk reserves. External gill fila¬ 
ments were well developed. The embryos could be sexed 
and females (22) slightly outnumbered males (20). Embryos 
between 170 and 192 mm TL (mean: 179.2 ± 5.5) and 
weighing between 23 and 29 g (mean: 27.7 ± 1.8) were pig¬ 
mented, and the length of external gill filaments were con¬ 
siderably reduced. They were in chamber and the umbilical 
stalk started to adhere to the uterine wall; its length was 
between 160 and 166 mm (mean: 162.2 ± 2.2) and the yolk 
sac contained a lot of yolk and weighed between 6.6 and 7.8 
g (mean: 7.2 ± 0.4). They were still in a lecithotrophic phase. 
The 18 embryos equally distributed in each uterus, nine 
were males and nine females. Embryos were completely 
formed when they reached between 200 and 225 mm TL 
(mean: 206.8 ± 8.4) and weighed between 40 and 46 g 
(mean: 42.8 ± 1.7); the spiracle was visible and the external 
gill filaments were practically resorbed. Embryos strongly 
adhered to the uterine wall by an umbilical cord and the yolk 
was practically reabsorbed by the embryos, which are nour¬ 
ished by mother's uterine fluid. They were in a matrotrophic 
phase (Tab. Ill, records 2, 3 and 4). The umbilical cord was 
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between 172 and 193 mm TL (mean: 180.7 ± 7.3) and the 
yolk sac weighed between 6.5 and 7.8 g (mean: 7.3 ± 0.6). 
The spiracle was obviously visible in embryos between 279 
and 340 mm TL (mean: 308.7 ± 13.3) and weighing between 
60 and 89 g (mean: 73.4 ± 8.3), (Tab. Ill, records 7, 8 and 
10), no external gill filaments were visible, the umbilical 
cord lengthened, at about 300-340 mm TL (mean: 317.6 ± 
14.4) and the yolk sac mass did not show changes although 
the yolk had completely disappeared (6.7-7.2 g, mean: 6.7 ± 
0.3). In further embryonic stages, no important changes 
occurred, embryos slightly increased in length, by contrast 
they grew considerably in mass. So, term embryos were 
more robust and heavier than previous stages (Tab. Ill, IV). 
Yolk sac strongly adhered to uterine wall, which was obvi¬ 
ously vascularized, convoluted and folded at the implanta¬ 
tion site. Length of the umbilical cord measured in 221 term 
embryos was from 300 to 420 mm (mean: 337.7 ± 21.5); the 
mass of these term embryos was between 4.7 and 8.7 g 
(mean: 5.5 ± 0.5). 

Size and mass 

Measurements carried out on 221 term-embryos 
(Tab. IV), showed that TL ranged between 360 and 450 mm 
(mean: 403.1 ± 17.2) and mass between 155 and 256 g 
(mean: 199.9 ± 20.7). The five smallest free-swimming 
specimens, three males and two females, we have observed 
were between 390 and 420 mm TL (mean: 398.6 ± 12.4) and 
weighed between 195 and 202 g (mean: 206.2 ± 16.3). They 
bore an unhealed scar on the ventral surface and were proba¬ 
bly neonates. No significant differences occurred in size and 
mass between them and term embryos. 

The relationship between total mass (TM) and total 
length (TL), plotted in figure 3, shows no significant differ¬ 
ences between males and females (F = 2.89; p = 0.09); 

For males: log TM = 3.17 log TL - 5.97: n = 97; r = 0.97 

For females: log TM = 3.37 log TL - 6.59; n = 174; r = 
0.96 

Fresh masses of forty-two yolky oocytes were from 3.6 
to 4.9 g (mean: 4.2 ± 0.8), and 211 term embryos were from 
155 to 256 g (mean: 119.9 ± 20.7). CBD based on mean dry 
masses for M. mustelus was 24. 

Fecundity 

Ovarian fecundity was based on counts of the number of 
yolky oocytes ready to be ovulated in each near-term female 
and post-partum female. Ovarian fecundity ranged from four 
to 25 (mean: 11.5 ± 3.6). There is a slight positive relation¬ 
ship between number of oocytes and total length of females, 
as: oocyte number = 0.08 TL (mm) - 10.92; r = 0.6; n = 65. 

Uterine fecundity was based on content of both uteri 
comprising the number of encapsulated eggs or developing 
embryos or term embryos found in mother's uteri. It ranged 
from four to 24 (mean: 9.9 ± 4.3). There was also a slight 
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Figure 3. - Total mass (TM) versus total length (TL) expressed in 
logarithmic co-ordinates for male and for female Mustelus 
mustelus. /Relation entre la masse totale (TM) et la longueur totale 
(TL) exprimee en coordonnees logarithmiques pour les males et les 
feme lies de Mustelus mustelus./ 



Figure 4. - Litter size versus total length (TL, mm) in Mustelus 
mustelus. [Taille des portees en fonction de la longueur totale (TL. 
mm) chez Mustelus mustelus./ 

positive relationship between uterine content and total 
length of females, as: uterine content = 0.025 TL (mm) - 
20.53; r = 0.6; n = 80. 

Litter size was based on the number of term embryos 
counted in females at the end of gestation. It ranged from 
four to 21 (mean: 9.2 ± 3.9). It increased with total length of 
females (Fig. 4), as: litter size = 0.03 TL (mm) - 28.28; 
r = 0.8; n = 24. 

Sex-ratio 

Females slightly outnumbered males in both categories 
of embryos, but these differences were not significant. How- 
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ever, in the three categories of free-swimming specimens we 
have considered, only sub-adult females significantly out¬ 
numbered the male ones (Tab. VI). 

DISCUSSION 

The smouthhound, Mustelus mustelus , is only known in 
the Mediterranean and the eastern Atlantic (Branstetter, 
1984; Compagno, 1984) and the southeastern coast of Africa 
(Bass et al. , 1975; Smale and Compagno, 1997) where pop¬ 
ulations are commercially exploited. However, in some 
Mediterranean areas such as the coast of Languedoc, a con¬ 
stant decline of captures was reported by Capape et al. 
(2000) and the species has practically disappeared. By con¬ 
trast, off Tunisia, M. mustelus is commonly landed (Capape, 
1974, 1989) and southward, it is targeted in the Gulf of 
Gabes (Bradai et al ., 2002, 2004). M. mustelus was the focus 
of an intensive fishery in the eastern tropical Atlantic (Fisch¬ 
er et al. , 1981), and off Senegal, the species was always con¬ 
sidered as common (Cadenat, 1951; Cadenat and Blache, 
1981; Seret and Opic, 1990; Capape et al., 1994), a sustain¬ 
able population seemed to be definitively established in the 
area, as shown by females carrying encapsulated eggs, or 
developing embryos or term embryos (Tab. I, II) and by 
records of specimens of both sexes and varied sizes. 

Off the coast of Senegal, male M. mustelus matured at a 
smaller size than females did and reached smaller maximal 
size, which confirmed preliminary observations (Cadenat 
and Blache, 1981; Capape et al ., 1994). Similar patterns 
were observed by Capape (1974) for specimens from the 
Tunisian coast and by Smale and Compagno (1997) for 
those from off South Africa. However, although M. mustelus 
from the two latter areas matured at a larger size than the 
Senegalese ones, specimens of all areas did not show impor¬ 
tant differences in maximal size (Tab. VII). This suggests 
that different populations occurred in each area. Difference 
in size related to environmental parameters was described 
for oviparous species (Leloup and Olivereau, 1951), but this 
hypothesis needs further observation with special regard to 


Table VI. - Mustelus mustelus sex-ratio for each category of speci¬ 
mens and for the total sample. / Sex-ratio chez Mustelus mustelus 
pour chaque categorie de specimens et pour I 'ensemble de I 'echan- 
tillon.] 


Category 

Males 

Females 

Males: Females 

Uterine content 




Developing embryos 

75 

77 

1: 1.03 

Term embryos 

102 

119 

1: 1.17 

Total uterine content 

177 

196 

1 : 1.11 

Free-swimming specimens 




Juveniles 

6 

15 

1: 2.5 

Sub-adults 

12 

44 

1: 3.6 

Adults 

79 

116 

1: 1.5 

Total free-swimming specimens 

97 

175 

1 : 1.8 

Grand total 

274 

381 

1: 1.4 


viviparous species (Dodd, 1983; Capape et al., 2001). 

By contrast, table VII showed that sizes at birth are in 
agreement in the three areas. Ranzi (1932) noted that in the 
Bay of Naples, term embryo was 380 mm TL and weighed 
189.6 g. However, off British Isles, Wheeler (1969) noted 
300 mm only for term embryos. In all areas, as noted by 
Smale and Compagno (1997): “There was a notable varia¬ 
tion in the size of individuals within a litter'. They explained 
this phenomenon by duration of ovulation, and the vascular¬ 
ization that is different in the different parts of uteri. Similar 
patterns were observed in other placental viviparous species 
such as carcharhinids (Capape et al ., 2003, 2004). 

Ranges of litter sizes are also similar in the three areas 
(Tab. VII). Off Naples, southern Italy, Lo Bianco (1909) 
recorded 28 embryos in a pregnant female. 

Lo Bianco (1909) and Smale and Compagno (1997) 
reported similar stages in embryonic development to those 
described in the present article (see above). Smale and Com¬ 
pagno (1997) noted that embryos less than 121-145 mm total 
length were still free in the uteri. They added that over 200- 
252 mm TL, the placenta strongly adhered to the uterine 
wall, which was highly vascularized. 

Off the coast of Senegal, mating probably occurred from 
April to June, when both male and female adults were most 
encountered in the area (Tab. I). The relative abundance of 


Table VII. - Comparisons of size at sexual maturity, maximal size, size at birth and litter size in Mustelus mustelus from Mediterranean, 
South Africa and coast of Senegal. [Comparaisons entre les tailles de maturite sexuelle, taille maximale, taille d la naissance et taille des 
portees chez Mustelus mustelus de Mediterranee, Afrique du Sud et cote du Senegal.] 


Area 

Size at sexual 
maturity (TL, cm) 

Maximal size 
(TL, cm) 

Size at birth 
(TL, cm) 

Litter 

size 

Authors 


Males 

Females 

Males 

Females 




Gulf of Tunis 
(Northern Tunisia) 

960 

108-117 

- 

142 

39.0 

12-22 

Capape, 1974 

South Africa 

95-105 

125-140 

145 

165 

36.8-41.0 

2-23 

Smale and Compagno (1997) 

Coast of Languedoc 
(Southern France) 

>98 

>98 

123 

123 

38.0-42.0 

- 

Capape et al. (2000) 

Coast of Senegal 

82-89 

90-104 

139 

145 

36.0-45.0 

4-21 

This study 
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post-partum females and females carrying term embryos 
showed that parturition occurred between April and July. 
The captures of females carrying encapsulated eggs, post¬ 
partum females and near-term females suggest that a one 
year gestation period seems to be a suitable hypothesis for 
specimens from off the coast of Senegal, in agreement with 
Capape observations (1974) for specimens from the Gulf of 
Tunis. However, in this area, mating occurred in May and 
parturition in April-May. Off South Africa, Smale and Com- 
pagno (1997) noted that the gestation period was about 9-11 
months. Lo Bianco (1909) reported a gestation period of ten 
months for M. mustelus from off Naples. 

We found that off Senegal, as embryos of M. mustelus 
developed in the uteri, the ovary showed conspicuous vitel¬ 
logenic activity, a crop of yolky oocytes is ovulated soon 
after parturition, beginning a new reproductive cycle. Must¬ 
elus mustelus therefore reproduced annually in the Senega¬ 
lese waters, as was the case for specimens from the Gulf of 
Tunis (Capape, 1974), South Africa (Smale and Compagno, 
1997). This holds for other congeneric species such as M. 
griseus and M. manazo from Japan (Teshima et al., 1974), 
M. punctulatus and M. cisterias from the Gulf of Tunis 
(Capape and Qui 0 nard, 1977; Capape, 1983), and M. antarc- 
ticus and M. canis (Hamlett et al., 1993). However, we 
observed adult females in complete break phase in our sam¬ 
ple (see Tab. II), as was noted in 40 % of quarterly samples 
in M. mustelus from South Africa (Smale and Compagno, 
1997). Consequently, some females could reproduce in alter¬ 
nate years, or every three years. Similar patterns were also 
found in Rhizoprionodon acutus (Capape, unpubl. data), in 
Paragaleus pectoral is from the coast of Senegal (Capape et 
al ., 2005) and in some carcharhinid species (Capape, 1984; 
Capape et al ., 2003, 2004; Sai'di et al., 2005). 

Embryonic development in M. mustelus is very similar to 
that previously described in other placental viviparous 
species such as triakid species (Capape and Quignard, 1977; 
Smale and Compagno, 1997; Capape et al ., 2000), or car¬ 
charhinid species (Baranes and Wendling, 1981; Castro and 
Wourms, 1993; Hamlett et al ., 1993; Capape et al ., 2003, 
2004). Embryonic development comprised three stages. 
During the first stage, the embryos were free in uteri, rather 
lecithotrophic because nourished by the yolk stored in the 
yolk sac; gas exchange probably occurred through the yolk 
sac and the intertegument (Castro and Wourms, 1993; Smale 
and Compagno, 1997). This phase could last less than three 
months maximum. The second stage was intermediate bet¬ 
ween lecithotrophy and matrotrophy. It ended when em¬ 
bryos adhered to uterine wall and reached more than 121- 
145 mm TL (see above) and lasted less than two months. 
The third stage lasted at least six months and was exclusive¬ 
ly matrotrophic; gas exchange occurred probably through 
the placenta (Castro and Wourms, 1993; Hamlett et al., 
1993). Similar observations were reported by Teshima and 


Koga (1973) in Japanese M. griseus , and by Smale and 
Compagno (1997) in South African M. mustelus. The high 
CBD value, 24, is close to those previously calculated for 
the two sympatric species, P. galeus and R. acutus , inhabit¬ 
ing Senegalese waters, which were 15 and 23, respectively. 
These data showed the mother's role in these placental 
viviparous elasmobranch species, which are pure matrotro¬ 
phic species ( sensu Wourms, 1977, 1981; Wourms et al., 
1988; Hamlett et al., 2005b). Similar values were previously 
reported in other sharks, (Capape et al ., 2003, 2004) and 
rays (Capape et al ., 1992, Capape, 1993, Capape and Zaoua- 
li, 1995). 

Both ovarian and uterine fecundities are slightly related 
to total length of females. Similar patterns were observed for 
M. mustelus from the Gulf of Tunis (Capape, 1974). Smale 
and Compagno (1997) noted that “there was a significant 
trend for larger females to have larger litters”. Litter sizes of 
specimens from the Mediterranean Sea (Lo Bianco, 1909; 
Capape, 1974), South Africa (Smale and Compagno, 1997) 
and Senegal (this study) are very similar. However, in agree¬ 
ment with Smale and Compagno (1997), “there may be a 
maximum litter size". Twenty-eight was the highest value 
reported to date (Lo Bianco, 1909), consequently, in agree¬ 
ment with Tortonese (1956), we think that 60 neonates 
reported in a litter by Dumeril (1865) remains doubtful. 
Ovarian fecundity is slightly higher than uterine fecundity; 
this phenomenon was frequently observed in viviparous 
elasmobranch species, due to fact that some yolky oocytes 
were not ovulated and entered atresia, and unfertilized eggs 
did not develop in uteri (Smale and Compagno, 1997). This 
latter phenomenon was observed relatively more often in M. 
mustelus than in other placental viviparous elasmobranchs. 
Although abortion risks cannot be excluded, especially dur¬ 
ing captures and handling, developing embryos in M. 
mustelus were well-protected in chambers and strongly 
adherent to uterine wall by placenta. 

In uteri, both developing and term embryos males slight¬ 
ly outnumbered the female ones, in agreement with Stevens 
and McLoughlin (1991) who also noted that generally 
embryos are distributed in equal numbers in each uteri 
(Waller and Baranes, 1994; Smale and Goosen, 1999; Capa¬ 
pe et al ., 2003, 2004). In three categories of free-swimming 
specimens, only sub-adult females significantly outnum¬ 
bered the male ones. Olsen (1954) and Springer (1960) sug¬ 
gested a higher mortality rate in males for Galeorhinus 
galeus and C. plumbeus , respectively. Muhoz-Chapuli 
(1984) and Stevens and McLoughlin (1991) suggested a seg¬ 
regation by size in free-swimming specimens and sexual 
segregation in adults. The coast of Senegal was considered 
by Capape et al. (1998, 2003, 2004, 2005) as a probable 
nursery area for several shark species (Castro, 1993), includ¬ 
ing the smouthhound which is commonly captured in the 
area, although a competition pressure cannot be excluded. 
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with species of larger sizes (Cadenat, 1951; Cadenat and 
Blache, 1981; Seret and Opic, 1990; Capape et al., 1994, 
1998,2003,2004). 
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